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Jerger (1973) reports that older Ss showed considerable breakdown in
speech perception when required to identify synthetic sentences in the
presence of ipsilateral speech competition.

Bergman (1968), with 189 Ss found relatively small age decrements in
the perception of CHABA sentences over two competing intelligible talkers
at a S/N ratio of -5 dB.

Mayer and Levitt (In Preparation) found a definite decline in speech
understanding in noise as a function of age. Two types of environmental
noise were used, traffic noise and subway noise, as they were recorded in
New York. The test material was sentences recorded from a male speaker and
a female speaker equated for signal level. There were 160 listeners. Com-
posite curves of the results are shown in Fig. 2 which is based on the
original data points as fitted by polynomial functions of reception vs age.
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Fig. 2. Speech-understanding as a function of age in quiet and in
noise. The curves plotted are based on polynomial functions fitted to the
data of Mayer and Levitt (In Preparation), who tested 160 Ss listening to
easy speech materials in quiet and in recorded subway and traffic noise
with the noise set atthree levels, L1, L2, and L3. Age had no effect on
understanding the speech in quiet but a relatively small amount of noise,
L1, which reduced understanding only 5% for the young Ss, caused a further
progressive reduction (up to 15%) with increasing age. The highest level
of noise, L3, reduced young Ss' understanding scores to about 60% while
the oldest Ss were reduced to about 40% understanding.
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Tests were carried out in gquiet and with noise at three different levels,

labelled L1, L2, and L3 in the Figure, Although there was no age-decline

in performance in quiet, there is a definite age-decline when listening in
noise,

METHODOLOG ICAL PROBLEMS
There are problems of population selection and test materials which

make it difficult to compare results from different studies. The following
section reviews these effects.

Population Selection. A very important problem is the selection of an
experimental population which will reflect changes in speech understanding
specifically as a function of age. Should the Ss meet audiometric criteria
of normalcy established for young adults or should they be representative of
their age groups?

Some previous studies were conducted either on clinic patients as they
applied for diagnosis and treatment of a noticeable hearing problem or were
drawn retrospectively from clinic files of such patients (Goetzinger and
Rousey, 1959; Harbert, Young and Menduke, 1966; Jerger, 1973). In other
reports the Ss were acknowledged to have hearing losses but were matched,
by audiograms, with younger Ss (Luterman, Welsh and Melrose, 1966; Jerger,
1973). Jerger analyzed some of his data by comparing young with old Ss
within 10 dB mean audiometric loss groupings. Other investigators selected
Ss who could meet arbitrary audiometric criteria of relatively normal hear-
ing. For example, Carhart and Nicholls (1971) used elderly Ss whose SRT
was better than 50 dB SPL in the better ear, so that the mean spondee
thresholds for their poorer ears were only 10 dB worse than for their con-
trol group of young adults. Bergman (1268 and 1971) and his associates
set the audiometric maximum for their Ss at 35 dB HL from 500 - 2000 Hz and
L5 dB at 4000 Hz but presented their test material at high levels (81 dB SPL).
Antonelli (1970) required normal hearing of his Ss (average thresholds of
10 dB from 125 through 1000 Hz, 15 dB at 2 kHz, 20 dB at 4 kHz and 35 dB at
8 kHz. Goetzinger et al (1961), selected as older Ss those who had hearing
losses which had become noticeable only after the age of 50.

Feldman and Reger (1967) selected Ss who had ''no history of ear
disease,'" but their experimental group of older sS had typical presbycusic
audiograms at mid and high frequencies. Similarly, Hallerman and Plath
(1971) chose Ss who reported ''functionally normal hearing'' and had no
history of excessive noise exposure or medical conditions that would affect
hearing, but nevertheless turned cut to have typical presbycusic losses
with increasing age.

PP -,

Horizontal vs Longitudinal Age Samples. Another subject-selection
problem is the comparison of populations of Ss who are presently 20-29
with those who are 60-69 instead of doing longitudinal studies in which Ss
are tested repeatedly as they age. It may be argued that horizontal
sampling does not accurately reflect aging effects since the normative
(young Ss') data includes Ss who will not survive into the older decades,
i.e., there is progressive screening of Ss for various reasons. Bergman,
et al (1976) have published the results of longitudinal studies conducted
three and seven-and-a-half years after the initial tests on their Ss
(Bergman, 1971).
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The close agreement between the results of the earlier horizontal sampling
study and those of the longitudinal study confirms the aging effects in
the perception of speech under less-than-optimal conditions as seen in
Fig. 1.

Test Materials. The test materials employed to test speech under-
standing have varied from closed-set tests, such as the 16 consonants used
by Smith and Prather (1971) and the Fairbanks Rhyme Test (Blumenfeld et al,
1969), through words scored in terms of number of phonemes correct (Linde-
man and Van Leeuwen, 1967), PB words (Luterman et al, 1966; Harbert et al,
1966; Jerger, 1973; Sticht and Gray, 1969), and finally sentences (Antonelli,
1970; Bergman, 1971 [CHABA sentences]). These materials were sometimes em-
ployed in new applications, e.g., Goetzinger et al (1961), compared the
difference scores obtained on a standard vs a more difficult recording
(Rush Hughes) of PB words for young vs older Ss, while Katz (1962) used
overlapping pairs of spondee words in a dichotic competition test.

Stevenson (1975) has developed automated methods of speech audiometry
and of phoneme identification in closed sets. The procedures are adaptive
in test sequencing and response latencies are recorded. The latencies and
phoneme-confusion patterns of Stevenson's elderly Ss appear to be diagnostic
of individual deficiencies in perceptual processing of speech.

The literature on speech perception indicates that different talkers
can cause a shift in the performance-intensity function (Silverman and
Hirsh, 1955, for PB words; Kreul et al, 1968, for the Modified Rhyme
Test) .

There do not seem to be available any data relating the effects of
different voices on speech perception in aging. One preliminary study has
been conducted at Hunter College, indicating a decrement in speech percep-
tion, for older Ss, going from a male talker, to a female talker, to a
husky male voice, and finally to a whispered voice, but normative data have
not yet been established for comparison. Preliminary findings suggest that
the perception of speech, in aging, is at least partly dependent on the
voice of the talker.

SUMMARY AND RECOMMENDAT IONS

I

Our-review of aging and speech understanding-has clearly shown ithat
the elderly population experience severe deficits under certain conditions.
These deficits appear to be large enough to cause economic and social
problems for the middle-aged and elderly adult in his everyday life.
Furthermore, in some occupations, for example, aircraft pilots, air traffic
controllers, and in noisy occupations in heavy industry, there are safety
problems with regard to ability to understand speech.

Standard tests of physical health should include tests of ability to
hear and understand speech as well as the routine pure-tone audiogram., The
speech tests should involve realistic conditions of noise and message
redundancy.
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There exists an obvious need for standardization of materials and
procedures, and for the establishment of norms so that the effect of aging
can be known and accounted for.

There are many factors, other than aging and specific diseases of
the ear, that may act to reduce hearing. One primary factor may be noise
in the environment; others are general systemic bodily conditions, such as
circulatory and metabolic conditions, and drug usage. Any or all of these
factors might be expected to cause an accumulated effect on speech-under-
standing with age. To our knowledge there are no studies of these factors.

The most important need is for a large-scale study dealing with the
problem of noise exposure over the years of life, subsequent speech-discrimi-
nation loss, and aging. One might take a purely statistical approach using
large numbers of Ss grouped by age, with occupational sub-groups that would
be expected to have average noise-exposures of different amounts. The
little-exposed age-groups would be the controls for the effect on speech
discrimination of the increasing general physical deficits with age. Control
of contaminating interactions would be necessary to the extent that occupa-
tional subgrouping is selective on other possible variables, such as diet,
language-background, sex, race, and genetic make-up.

Research in behavioral gerontology has demonstrated general central-
processing deficits that increase with age (Welford, 1958; Botwinick, 1973).
There can be little doubt that these deficits would affect the scores of
mid=-life and elderly Ss in speech-understanding tests. [t seems unlikely
that sufficient predictive accuracy can be obtained without partialling
out some of the variability in central processing deficits. (We doubt that
speech-relevant auditory tests can be developed that will not be affected
by central processes). What is needed, therefore, are studies of speech
understanding together with measures of central deficits that use visual
and tactile patterns that would not involve hearing.

The basic bodily factors contributing to the aging of hearing have
not been extensively studied. Auditory perceptual data should be correlated
with physical health status in studies of the elderly and their temporal
bones should subsequently be studied histologically.

At the periphery (cochlea and cochlear nerve), there are well
documented patterns of degeneration from aging, involving specific cell
types. The peripheral losses in auditory sensitivity and discrimination
are clearly expressions of the types of associated morphological change.
In some cases the types occur in almost pure form and in other cases in
combination. Thus, ears showing only atrophy of the stria vascularis,
exhibit threshold losses characterized by flat audiometric patterns but
excellent speech discrimination scores. These ears have normal or near
normal populations of sensory and neural units and are, therefore, capable
of normal stimulus coding. Another type of pathological change of aging
which may also occur in nearly pure form is degeneration of the cochlear
neurons. Such ears, deficient in neural transmission channels, characteris-
tically show severe losses in speech discrimination and comparatively less
loss in auditory threshold.
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Any study of speech-discrimination as a function of age, must take
these pathological variables into account. The deafness of aging is not
caused by a uniform type of degenerative change with the only variable
being the magnitude of change. There are at least four distinct types of
dysfunction based on changes at the periphery alone. Each would be expected
to behave differently in receiving speech under conditions of background
noise and to react differently to sound-amplification.
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